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125 method known as "lake enclosed in autumn". This involves the fishermen discharging water 126 through a water-gate and fishing with a long mesh bag fixed at its gate from October to January 127 of the next year. Through this process the water level gradually decreases to 0.2-0.3 m.
128 Sampling design 129 Zooplankton were sampled seasonally (spring = April, summer = July, autumn = October and 130 winter = January) at three points in Shahu Lake from April 2012 to January 2016. With the water 131 level declining, the water only remained in deepest area, so three sampling points were set in the 132 more than 1.4 m area in winter (Fig. 1 ). Zooplankton were sampled three times at each point, and 133 so nine samples were collected in each season resulting in a total of 144 samples over the 4 134 years. A 5-L modified Schindler-Patalas sampler was used to collect 10 L mixed water at about 135 50 cm below the water surface for each sample. A plankton net (mesh size, 64 μm) was used to 136 filter the water and to collect zooplankton, which were gathered from the end of the net and 137 immediately preserved in 50 ml plastic bottles with 4% formalin. In the laboratory zooplankton 138 were counted and identified under microscope (Olympus SZ61, Japan and Olympus CX23, 139 Korea). When there were excessive individuals in one sample, a sub-sample method was used to 140 estimate the actual quantity. In this study, copepod nauplii was considered as one taxon. Four Zhang and Huang (1991) . The weight of each nauplii was estimated 146 to be about 0.003 mg (Xie & Li, 1998) .
147
Physicochemical parameters were measured simultaneously at the time of collection. WT, pH, 148 conductivity (Cond), dissolved oxygen (DO) and turbidity (Turb) were measured using a Multi-149 function Water Quality Monitor (YSI 6600 V2, US).
150 Data analysis 151 The dominance index was calculated as follows: 155 When Y was greater than or equal to 0.02, this species was defined as a dominant species. In this 156 study, N referred to the total density of zooplankton in each season.
157
The Shannon-Weiner diversity index (H'), Margalef richness index (D) and Pielou evenness 158 index (J') calculation formulae were as follows:
where S represented species number and P i represented the proportion of i species densities in 163 the total zooplankton density in the sample.
164
The seasonal variance of water physicochemical factors, zooplankton density and biomass 165 were analysed by one-way ANOVA, using the STATISTICA 7.0 (StatSoft Inc, Tulsa OK, USA). 166 The seasonal variation in zooplankton communities was tested by non-metric NMDS analysis 167 and analysis of similarities (ANOSIM). Zooplankton individual number data were analysed 168 using a ranked similarity matrix based on Bray-Curtis similarity measures. Rare species, whose 169 average density was less than 1.0 ind./L, were excluded during NMDS and ANOSM analyses.
170 NMDS ordination and ANOSIM analyses were performed with the PRIMER 5 computer 171 package (Clarke and Warwick, 1994). The indicator value method (IndVal) was then used to 172 detect how strongly each species discriminated among the NMDS groups. The indicator value of 173 a taxon varied from 0 to 100, and the indicator value attained its maximum value when all 174 individuals of a taxon occurred at all sites within a single group. We tested the significance of the 175 indicator value for each species with a Monte Carlo randomization procedure with 1000 176 permutations. IndVal was performed by the indval function in R package labdsv (R version 
178
The correlation between water physicochemical factors and zooplankton dominant species was 179 analysed through redundancy analysis (RDA) and significance was determined by the Monte Total density of zooplankton showed similar trend with species richness (Fig.3) . Generally, 222 the maximum density occurred in summer or autumn and the minimum density appeared in 223 spring or winter. Zooplankton density was highest in autumn (140.0 ind./L), followed by summer 224 (83.0 ind./L) and spring (56.9 ind./L). The minimum density was found in winter (1.3 ind./L).
225 Rotifers density showed no significant seasonal difference (P = 0.123). However, the densities of 226 cladocerans and copepods in winter were significant lower than other seasons (P<0.001). The 
229
The biomass of zooplankton was significantly lower in winter than in other seasons (P<0.05). 230 The highest biomass of rotifers was in autumn and lowest in winter. The biomass of both 231 cladocerans and copepods was highest in spring and lowest in winter. Although the density of 232 cladocerans was lower than rotifers and copepods, it contributed 50% of the total biomass of 233 zooplankton and was 1.7 times and 1.9 times the biomass of rotifers and copepods.
234 Interannual variation 235 The interannual variation in zooplankton density was significant (P = 0.012). The density of 251 years were at high density and had similar dominant species. And they combined as a summer-252 autumn community (Fig.6 ). Zooplankton in January was categorized as a low-density winter 253 community. The zooplankton community of July 2012 and April in all four years were separated 254 as independent branches, because the species composition and density of zooplankton in these 255 seasons were quite different from the other seasons. The interannual differences of the 256 communities were not found indicating that the seasonal variation in zooplankton community 257 structure in Shahu Lake was much greater than the interannual variation. To identify the key 258 indicator species of the three main NMDS groups (i.e., spring, summer-autumn and winter), the 259 indicator value method (IndVal) was used and showed that the three groups were characterized 260 by different indicator species (Appendix Table 2 ).
Redundancy analysis of zooplankton and environmental factors 262
Before the redundancy analysis (RDA), a preliminary detrended correspondence analysis (DCA) on 263 species-sample data produced a longest gradient length of 3.184, suggesting that both RDA and 264 canonical correspondence analysis (CCA) were appropriate. We selected the RDA to illustrate the 265 relationships between the dominant species of zooplankton and environment factors (Fig.7) . The 266 first axis explained 15.6 % of the variance in species data, and 50 % of the variance in species-267 environment relationship (Table 3) Rotifera are an important component of zooplankton community in a freshwater lake. The 277 small size, fast growth rate and parthenogenetic reproduction (Gilbert, 1999; Inaotombi, 2016) 278 means their abundance is generally dominant (Romo, 1990 ). In our study, rotifers were also the As sub-lake of the Lake Poyang, habitat diversity in Shahu Lake is lower than that of Lake 289 Poyang. Moreover, the samples in this study were only taken in the open water area. In addition, 290 the lake has faced intensive human activities, e.g. beach grazing, fishing, eutrophication caused 291 by pollution etc. These objective factors may lead to species richness decrease. NMDS analysis 292 suggested that seasonal variation were more significant than interannual in zooplankton 293 community structure, and could be divided into three community groups associated with distinct 294 indicator species (Fig. 6 , Appendix Table 2 ). According to the previous studies of zooplankton in 295 Lake Poyang (Xie et al., 1997, 1998; Liu et al, 2016), we can roughly see the seasonal dynamics 296 of zooplankton community structure. Rotifers peaked in summer and autumn. Cladocerans and 297 copepods achieved their peaks in spring, summer and autumn. But all the three groups were at 298 minimum levels in winter. Our study also had the same seasonal dynamic patterns. Though the 299 sub-lake was separated from the Lake Poyang in the dry season, the seasonal dynamics of the 300 zooplankton community in Shahu Lake was similar to those of Lake Poyang. Similar patterns of 301 seasonal changes in zooplankton community had been reported in other lakes (Hu, 2014; Lin, 302 2014).
303
The density and biomass of zooplankton showed significant difference among seasons 304 (P=0.035, P=0.002). Over the 4 years, rotifers were the main component of zooplankton, which 305 represented 72.3% of the total zooplankton abundance, and had 6.5 times and 4.4 times the 306 density of cladocerans and copepods, respectively. Zooplankton density was highest in autumn 307 and lowest in winter. With one exception, the maximum density (1971.0 ind./L) occurred in 308 spring 2014 due to the outbreak of C. unicornis. The biomass of zooplankton was significantly 309 lower in winter than in other seasons (P<0.05). The highest biomass of rotifers was in autumn 310 and lowest in winter. Early research reports that cladocerans and copepods are the main 311 component of zooplankton productivity due to the larger body size (Castro & Gonçalves, 2007) . 312 In this study, we also found that the biomass of both cladocerans and copepods was highest in 313 spring. Although the density of cladocerans was lower than rotifers and copepods, but it 314 contributed 50% of the total biomass of zooplankton.
315
In our study, we found that the seasonal succession characteristics of the zooplankton 316 community in Shahu Lake were consistent with the reported previous model (Sommer et al., 317 1986). In winter, the cold temperature and lack of food resulted in a decline in zooplankton 318 reproductive capacity, and thus the minimum zooplankton density was observed in this period. In 
327
Some studies have found that spring-summer zooplankton community is not a complete 328 repetitive succession in small shallow lakes due to the difference in interannual water 329 temperature and rainfall (Rettig et al., 2006 ). There was a large variation in the spring 330 zooplankton community of the Shahu Lake among the 4 years, while in other seasons the 331 community structures tended to be similar. In early spring, Shahu Lake and Lake Poyang were 332 still not connected. Zooplankton communities in Shahu Lake were mainly affected by rainfall, 333 human disturbance and other unspecified factors. Therefore, zooplankton community succession 334 in this period may not have a uniform direction. In summer, Shahu Lake was connected with 335 main lake. The material and biological exchanges between the sub-lake and main lake resulting 336 in a similarity water environment and biological community structure. Therefore, the 337 zooplankton community succession was back to the early stages (Baranyi et al., 2002) .
Effects of environmental factors on zooplankton community
Water physicochemical factors can affect species composition and the abundance of a 340 zooplankton community. The significant differences in physicochemical factors in different 341 seasons lead to seasonal zooplankton dynamics (Deyzel 2004 
Different zooplankton species have different adaptation to temperature (Tao et al., 2008).
353 Numbers of resting eggs increase in both higher and lower temperatures (Shi & Shi, 1996 The results of redundancy analysis showed that conductivity, pH and dissolved oxygen also 365 had significant effect on the seasonal variation of zooplankton community. Berzins and Pejler 366 (1987) pointed out that some species of rotifers, which could instruct the water oligotrophic 367 conditions, generally appeared in water at pH 7.0 or slightly lower pH value. Some other species 368 of Rotifera indicating eutrophic conditions prefer water with a pH value higher than 7.0. The pH 369 value of Shahu Lake was higher than 7.0, and its water was at a certain degree of eutrophication. 387 When the water level rising, the Shahu Lake connected with the main lake As a consequence, 388 nutrients and other biological communities poured into the sub-lake along with the floods, 389 interactions occurred among zooplankton and other aquatic organisms from rivers. This probably 390 was one of the reasons for the great shift in zooplankton community in Shahu Lake from spring 391 to summer. Interval water level differences can lead to annual zooplankton differences as well. In 392 the summer of 2012, the water level was significantly higher than in previous years (Appendix 393 Fig. 1 ). The continuing high water level could be the reason why the zooplankton community 394 structure in summer 2012 was significantly different from other years.
395
Evaporation, seepage flow and the opening water-gates for fishing from the middle of October 396 resulted in the water level gradually decreasing in Shahu Lake. The water depth is only 20-30 cm 397 at the end of the fishing. Then most of the lake basin was exposed. The lake bottom sediment and 398 its attachments fully contacted with the atmosphere and the sun. The digestion of organic matter 399 in the sediment is accelerated and the soil structure is improved (Hu, 2012) . However, the water-400 gate was not opened during the winter of 2013, and so the water depth remained more than 1 401 meter in at that period (Appendix Fig. 1 ). The stability of the water level maintained a relatively 402 stable environment, coupled with nutrient enrichment and temperature recovery in spring, which 403 led to the outbreak of Conochilus unicornis population. 
420
In addition to predation relations between fish and zooplankton, some other aquatic organisms 421 have contributed to zooplankton seasonal dynamics by affecting the water environment. In 422 winter, the grasslands, mudflats and shallow waters provide an excellent habitat for wintering 423 migratory birds and a large number of migratory birds live in the Lake Poyang. The feces of 424 winter migratory birds led to an increase in nitrogen and phosphorus concentrations, which 425 increased the lake eutrophication. The study of the water quality of Shahu by zooplankton 426 diversity index found that spring water quality was worse than other seasons (Zhu et al., 2014) . 427 The dynamics of zooplankton community is a complex ecological process, and some factors 428 have not been involved in this experiment. The composition and biomass of phytoplankton, 429 interspecific and intraspecific competition, and nutrient concentration all had effect on the 430 succession of zooplankton community.
432 Conclusions

433
The community structure of zooplankton has a significant seasonal pattern and no interannual 434 repeatability. The differences in zooplankton density, biomass and diversity indices were significant in 435 different seasons and years. Water environmental factors, water level fluctuations, wintering migratory 436 bird activities and human disturbances have a direct or indirect impact on zooplankton community 437 structure. This study is helpful to further understand the ecosystem stability of lake connected with rivers 438 and provide scientific guidance for protection of lake wetlands.
439
Overall, ecological civilization construction is a very important national decision-making of 440 the current Chinese government and promoting green development and strengthen the ecological 441 system protection is imperative. As the largest lake in China, the ecological states of Lake Non-metric multidimensional scaling ordination (NMDS) of zooplankton communities Figure 7 Redundancy analysis (RDA) of zooplankton dominant species and environmental factors in Shahu Lake (WT, water temperature; Cond, conductivity; DO, dissolved oxygen; Turb, turbidity) 3 -, the species density is very small or does not appear. 
